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Abstract
Wheat (Triticum aestivum L.) production is significantly altered by the infestation of sucking
insects, particularly aphids. Chemical sprays are not recommended for the management of
aphids as wheat grains are consumed soon after crop harvests. Therefore, determining the
susceptibility of different wheat genotypes and selecting the most tolerant genotype could
significantly lower aphid infestation. This study evaluated the susceptibility of six different
wheat genotypes (‘Sehar-2006’, ‘Shafaq-2006’, ‘Faisalabad-2008’, ‘Lasani-2008’, ‘Millat-
2011’ and ‘Punjab-2011’) to three aphid species (Rhopalosiphum padi Linnaeus, Schizaphis
graminum Rondani, Sitobion avenae Fabricius) at various growth stages. Seed dressing
with insecticides and plant extracts were also evaluated for their efficacy to reduce the inci-
dence of these aphid species. Afterwards, an economic analysis was performed to compute
cost-benefit ratio and assess the economic feasibility for the use of insecticides and plant
extracts. Aphids’ infestation was recorded from the seedling stage and their population grad-
ually increased as growth progressed towards tillering, stem elongation, heading, dough
and ripening stages. The most susceptible growth stage was heading with 21.89 aphids/tiller
followed by stem elongation (14.89 aphids/tiller) and dough stage (13.56 aphids/tiller). The
genotype ‘Punjab-2011’ recorded the lower aphid infestation than ‘Faisalabad-2008’,
‘Sehar-2006’, ‘Lasani-2008’ and ‘Shafaq-2006’. Rhopalosiphum padi appeared during mid-
February, whereas S. graminum and S. avenae appeared during first week of March.
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Significant differences were recorded for losses in number of grains/spike and 1000-grain
weight among tested wheat genotypes. The aphid population had non-significant correlation
with yield-related traits. Hicap proved the most effective for the management of aphid spe-
cies followed by Hombre and Husk among tested seed dressers, while Citrullus colocynthis
L. andMoringa oleifera Lam. plant extracts exhibited the highest efficacy among different
plant extracts used in the study. Economic analysis depicted that use of Hombre and Hicap
resulted in the highest income and benefit cost ratio. Therefore, use of genotype Punjab-
2011’ and seed dressing with Hombre and Hicap can be successfully used to lower aphid
infestation and get higher economic returns for wheat crop.
Introduction
Wheat (Triticum aestivum L.) is an imperative, nutritious and economical source for staple
food in the world [1], which is utilized by>35% of global human population [2]. Wheat is con-
sumed by>70% of total population in Pakistan; therefore, obtaining high grain yield is neces-
sary to feed rapidly increasing population [3]. However, average wheat yield of the country is
below than the advanced countries of the world. Several factors are responsible for yield reduc-
tion of wheat in the country, including low yielding varieties, inappropriate use of irrigation
and fertilizers, sowing date, and infestation of weeds and insect pests [4–7].
Different insect pests attack wheat crop and among these aphids (Hemiptera: Aphididae)
are responsible for major economic damages as these directly feed on the plants and indirectly
transmit diseases [8,9]. Rhopalosiphum padi Linnaeus, Schizaphis graminum Rondani and Sito-
bion avenae Fabricius are the most abundant aphid species prevailing in wheat crop in Paki-
stan [10,11]. These species suck the sap from leaves and shoot and transmit numerous plant
diseases [12,13]. Sap-sucking from leaves, shoot and inflorescence cause significant yield
reduction (35–40% directly and 20–80% indirectly by transmission of viral and fungal dis-
eases) [14]. Rhopalosiphum padi causes damage through sap-sucking starting from two-leaf
stage and that result in 40–60% yield losses [15]. In the case of S. graminum, 30% yield losses
have been recorded in unsprayed experimental field, S. avenae outbreak caused 20–30% yield
losses [11].
Insecticides are employed to manage the aphids’ infestation in cereal crops, particularly
wheat [12]. However, numerous aphid species have evolved resistance against various pesti-
cides used for their management [13]. Nonetheless a narrow range of pesticides is available
and registered for use in wheat crop, which ultimately results in lower wheat production
[14,15]. Moreover, it is predicted that climate change will favor the infestation of aphids,
which would reduce wheat yields and pose negative impacts on global economy [16–18].
These facts demand for the alternative management strategies for aphid species to sustain
wheat production and ensure future food security.
Frequent use of pesticides has significant negative impacts on atmosphere, and human and
animal health [19–22]. Therefore, finding natural plant-based solutions could be explored for
pest management. Strawberry aphids [Chaetosiphon fragaefolii (Cockerell)] have been
reported to be suppressed by Neem (Azadirachta indica L.) [23,24]. Similarly, large pine weevil
has been successfully controlled by neem oil. Volatile oils from eucalyptus (Eucalyptus globulus
L.) controlled larval periods of rice lepidopteran. Significant aphid mortality has been reported
using plant extracts [24]. However, the use of plant extracts has merely been tested for their
efficacy in controlling aphid populations infesting different wheat genotypes.
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Considering the significant role of aphid species in yield reduction, current study was
planned to develop alternative and sustainable management strategies for three different aphid
species. These experiments assessed population dynamics of three aphid species in six wheat
genotypes for two cropping seasons. The efficacy of some seed dressing insecticides and plant
extracts was evaluated. Aphid infestation was correlated with different yield-related traits for
better understanding of its impacts on wheat yield. It was hypothesized that different wheat
genotypes will differ in their susceptibility to aphids’ infestation. It was further hypothesized
that various seed dressing insecticides and plant extracts will also differ in their efficacy in
managing target aphid species. The results of the study would help to select the genotype with
the lowest susceptibility to aphids. Furthermore, the study will help to identify the alternative
management options for aphid infestation in wheat crop.
Materials andmethods
Population dynamics of aphid species in different wheat genotypes
Field experiment regarding population dynamics of R. padi, S. graminum, and S. avenae at var-
ious growth stages of different wheat genotypes was conducted at the research area of the Ento-
mological Research Institute (31˚2504500N, 73˚404400E), Ayub Agricultural Research Institute,
Faisalabad, Pakistan. There were no permits required to conduct the study and experiments
being conducted at research institutes are exempt from the permits. Six wheat genotypes, i.e.,
‘Sehar-2006’, ‘Shafaq-2006’, ‘Faisalabad-2008’, ‘Lasani-2008’, ‘Millat-2011’ and ‘Punjab-2011’
were sown in third week of December 2015 and 2016 under randomized complete block
design (RCBD) with five replications. Uniform agronomic practices recommended byWheat
Research Institute, Faisalabad, Pakistan were opted during both study years.
The Zadoks scale illustrating 10 development stages of wheat, i.e., germination, seedling, til-
lering, stem elongation, booting, heading, flowering, milking, dough and ripening was opted
for the recognition and reporting of the growth stages in the current study [25]. The popula-
tion data of winged and wingless aphid species were recorded by shaking five wheat tillers
from each replication to get aphids on a white paper. The aphid species were identified based
on morphological characteristics and counted separately. The data were recorded fortnightly
until harvesting of the crop.
Assessment of yield losses
Heavily infested plants (>50 aphids/tiller) were kept under observation by tagging to estimate
the yield losses. To compare the yield losses in the presence and absence of aphids, yield-
related traits such as the number of spikelets per spike, spike length, number of grains per
spike, number of damaged grains per spike and 1000-grain weight were noted. The data were
recorded from five plants selected randomly in each replication. Aphid-free area was main-
tained by power spraying of water.
Application plant extracts and seed dressing with insecticides
To evaluate the reduction in aphid infestation, five insecticides were applied to wheat seeds as
seed dressing. Each insecticide was applied at two different doses. Wheat seeds were kept with
each insecticide in a plastic jar and shake thoroughly to get a protective layer on the seeds.
After germination, each treatment was scouted weekly to record aphid population. As the
aphid population crossed economic threshold level (ETL), the plots were sprayed with nine
plant extracts. Crop was harvested at maturity and the economics were computed based on
yield per treatment.
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Statistical analysis
One-way analysis of variance (ANOVA) was used to test the significance in the data [26]. Data
were tested for normality by Shapiro-Wilk normality [27] test prior to ANOVA. The data were
normally distributed; therefore, the analysis was performed on original data. The means were
compared by Tukey’s HSD post-hoc test to estimate statistical difference at 5% of significance
level. Pearson correlation was computed to check the association between aphid population
and yield-related traits. All computations were done on SPSS statistical software version
20.0 [28].
Results and discussion
Different genotyped significantly differed for the infestation of studied aphid species (Table 1).
The winged aphids appeared from the last week of December and their population increased
gradually. The maximum population was estimated during March. The aphid infestation var-
ied from 0.16 to 21.90 aphids per tiller at various growth stages. Heading, stem elongation and
dough stages recorded higher infestation with 21.90, 14.90 and 13.56 aphids/tiller, respectively
(Fig 1).
The increasing aphid population trend from tillering to the heading stage is in consonance
with earlier studies [29–36] who recorded peak infestation during March as temperature is rel-
atively high compared to February which favors aphid multiplication.
Wheat was continuously infested by R. padi, S. graminum and S. avenae with varying degree
of infestation. The R. padi was the first species recorded during mid-February and increased
gradually with the peak infestation recorded on March (14.17 aphid/tiller). Its population
decreased gradually to a minimum level during April (0.05 aphid/tiller). Shizaphis graminum
appeared late in March (15.47 aphid/tiller) and its infestation reached to minimum level dur-
ing April (0.02 aphid/tiller). Sitobion avenae appeared later than R. padi and S. graminum dur-
ing the second week of March (5.99 aphid/tiller) and remained until the second week of April
on spike (Fig 2). These findings are in close conformity with Zeb et al. [36]. They identified
second week of March as the most crucial by indicating peak population on the wheat crop.
Shahzad et al. [30] also found that R. padi and S. graminum on wheat crop before S. graminum
[33,34].
Since R. padi was the first species infesting wheat crop, it mainly sucks sap from leaves and
shoots, whereas S. graminum fed on the shoots and spikes and S. avenae fed on flowers/ears.
Several investigations reported that aphid population density reached at its peak during March
[35–41].
Table 1. Incidence of aphid species on different wheat genotypes used in the current study (n = 150).
Genotypes 2016 2017
R. padi S. graminum S. avenae Total R. padi S. graminum S. avenae Total
‘Sehar-2006’ 7.03±0.64 cd 2.21±0.47 bc 0.7±0.092 b 09.94 8.23±0.94 b 2.27±0.32 b 1.10±0.19 bc 11.60
‘Shafaq-2006’ 7.29±0.58 c 1.69±0.26 de 1.09±0.28 ab 10.07 7.98±0.82 bc 3.69±0.45 a 1.29±0.09 b 12.96
‘Faisalabad-2008’ 6.59±0.42 bc 3.53±0.59 a 0.52±0.05 c 10.64 7.89±0.43 c 2.13±0.74 bc 0.92±0.04 c 10.94
‘Lasani-2008’ 7.62±0.57 b 1.75±0.43 d 1.16±0.07 a 10.53 9.72±1.23 a 1.65±0.83 0.86±0.05 cd 12.23
‘Millat-2011’ 8.01±0.49 a 2.41±0.41 b 0.77±0.35 b 11.19 7.41±0.56 d 2.27±0.48 b 1.97±0.07 a 11.65
‘Punjab-2011’ 6.65±0.34 e 2.07±0.38 c 0.45±0.02 cd 09.17 6.85±0.23 e 1.97±0.56 c 0.65±0.05 d 09.47
Means followed by different letters are statistically different from each other at 5% probability level.
https://doi.org/10.1371/journal.pone.0257952.t001
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Fig 1. Aphid infestation at different growth stages of wheat crop (n = 1800).
https://doi.org/10.1371/journal.pone.0257952.g001
Fig 2. Dominance of different wheat aphid species with time (n = 1800).
https://doi.org/10.1371/journal.pone.0257952.g002
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Aphid-free and -infested areas significantly differed for losses caused in the yield-related
traits. Higher number of spikelets per spike (0.78), longer spikes (0.49), a greater number of
grains/spike (3.99), less damaged grains per spike (2.06) and increased 1000-grain weight
(2.49) were recorded for aphid-free than aphid-infested area (Table 2).
Elmali and Toros [42] studied several characters, i.e., 1000 grain weight, spikelets per spike,
grain per spike, plant height and spike length to estimate losses where 10.16% loss in
1000-grain weight, 6.70% reduction in length of spike and 1.22% reduction in tiller length was
recorded. Sitobion avenae was most damaging species for the grains by causing huge loss in
spike biomass for wheat crop [42–45] that deteriorates the flour quality in baking industries.
Pearson correlation revealed that weather attributes were non-significantly correlated with
aphid infestation in tested genotypes during both years of study. Maximum temperature has
weak negative association with aphid population, whereas all other abiotic factors correlated
positively (but weak) with aphid population (Table 3).
Similarly, correlation analysis of aphid population with yield-related traits in aphid-free
and -infested area was also statistically non-significant. In aphid-free area, number of spikelets
per spike and damaged grains per spike showed weak negative correlation with the aphid pop-
ulation, while other parameters behaved positively. In aphid-infested area, only number of
grains per spike had negative correlation with aphid population, whereas other tested parame-
ters demonstrated positive association (Table 4).
Table 2. The assessment of losses caused by different aphid species in yield related traits of wheat crop (n = 300).
S. # Parameters Premeditated Treatments T-value Lower CI Upper CI P-value
1 No of spikelets/spike AFA 20.17±3.54 4.85 0.087 1.472 0.040
AIA 19.39±1.61
2 Length of spike (cm) AFA 14.62±2.76 4.58 0.029 0.950 0.044
AIA 14.13±1.23
3 No of grains/spike AFA 53.29±4.89 20.28 3.143 4.834 0.002
AIA 49.30±3.85
4 Damage grains/spike (%) AFA 04.35±1.78 -22.17 -2.459 -1.660 0.002
AIA 06.41±0.94
5 1000 grain weight (gm) AFA 41.33±2.98 19.20 2.397 3.782 0.002
AIA 38.24±2.73
AFA: Aphid free area, AIA: Aphid infested area, CI: Confidence interval.
https://doi.org/10.1371/journal.pone.0257952.t002
Table 3. Correlation analysis of abiotic factors with aphid population in different wheat varieties.
Varieties 2016 2017
T (max.) (ºC) T (min.) (ºC) RH (%) RF (mm) T (max.) (ºC) T (min.) (ºC) RH (%) RF (mm)
Sahar-2006 -0.1088 0.3982 0.2384 0.3759 -0.1165 0.4058 0.2273 0.3510
Shafaq-2006 -0.1006 0.4088 0.2328 0.3788 -0.1141 0.4073 0.2360 0.3595
Faisalabad-2008 -0.1018 0.4064 0.2340 0.3811 -0.1174 0.4085 0.2432 0.3642
Lasani-2008 -0.1003 0.4087 0.2334 0.3805 -0.1150 0.4119 0.2472 0.3664
Millat-2011 -0.1013 0.3929 0.2322 0.3674 -0.1182 0.4030 0.2323 0.3563
Punjab-2011 -0.1015 0.4112 0.2341 0.3828 -0.1076 0.4218 0.2411 0.3688
T max.) = maximum temperature, T (min.) = minimum temperature, RH = relative humidity, RF = rainfall.
https://doi.org/10.1371/journal.pone.0257952.t003
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The results indicated that seed treatment with insecticides restricted the aphid population
level in comparison with control by 62.59 to 87.96%, whereas plant extract suppressed aphid
infestation by 17.09 to 61.37% (Table 5).
Tumma and Moringa extracts proved the most effective in suppressing apid infestation.
Actara was the most effective as seed treatment with yield enhancement up to 1295.1 kh per
Table 4. Correlation analysis of aphid population with yield related components in aphid free and aphid infested
areas.
Yield-related traits Aphid population
Aphid-free area Aphid-infested area
Number of spikelets per spike -0.0215 0.0507
Length of spike (cm) 0.6644 0.2728
Number of grains per spike 0.6716 -0.4971
Damaged grains per spike (%) -0.5326 0.4801
1000-grain weight (g) -0.4728 0.1434
https://doi.org/10.1371/journal.pone.0257952.t004
Table 5. Economic analysis of different protection measures adapted to manage different aphid species in wheat crop during 2016 and 2017.


























Hicap 70 WS 70.58 (68.65) 5479.28 (5329.27) 664.49 (652.41) 8.84 (8.67)
Hicap 70 WS 75.36 (73.17) 5637.02 (5473.52) 773.33 (751.94) 5.14 (4.99)
Hombre 372.5 FS 66.94 (65.12) 5412.87 (5265.05) 618.66 (608.09) 8.68 (8.53)
Hombre 372.5 FS 84.59 (82.07) 5774.83 (5602.95) 868.42 (841.24) 6.09 (5.9)
Confidor 70 WS 66.94 (65.02) 5412.87 (5257.15) 618.66 (602.64) 5.75 (5.6)
Confidor 70 WS 64.52 (62.67) 5296.64 (5144.52) 538.46 (524.92) 2.50 (2.44)
Actara 75 WG 80.74 (78.07) 5695.13 (5506.12) 813.42 (774.43) 3.06 (2.91)
Actara 75 WG 87.96 (85.80) 5811.36 (5668.15) 893.62 (886.24) 2.24 (2.22)
Husk 372.5 FS 62.59 (60.87) 5130.60 (4989.4) 423.90 (417.89) 7.26 (7.16)



















Tumma (Citrullus colocynthis) 61.37 (59.33) 5112.34 (4941.98) 411.29 (385.17) 7.74 (7.24)
Neem (Azadirachta indica) 36.14 (34.89) 4937.99 (4766.11) 291.00 (263.83) 5.61 (5.09)
Ak (Calotropis procera) 28.83 (27.83) 4841.69 (4674.23) 224.55 (200.43) 4.44 (3.96)
Citrus (Citrus sinensis) 34.60 (33.45) 4949.62 (4784.88) 299.02 (276.78) 5.49 (5.08)
Bakain (Melia azedarach) 28.63 (27.67) 4791.88 (4630.75) 190.18 (170.43) 3.58 (3.21)
Castor (Ricinus communis) 27.89 (27.02) 4737.09 (4589.26) 152.37 (141.8) 3.01 (2.8)
Dhatura (Dhatura stramonium) 31.07 (30.14) 4914.75 (4766.11) 274.96 (263.83) 5.30 (5.09)
Moringa (Moringa oleifera) 54.92 (53.43) 5029.32 (4892.58) 354.01 (351.09) 6.50 (6.45)
Eucalyptus (Eucalyptus cameldulensis) 17.09 (16.59) 4718.83 (4580.37) 139.77 (135.66) 2.76 (2.68)
Control 4055.71 (4041.13)
Price of wheat $ 0.31/- per kg, values in the parenthesis are for 2017.
https://doi.org/10.1371/journal.pone.0257952.t005
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hectare followed by Hombre, whereas Husk was least effective. In case of plant extract sprays,
Tumma was the most effective in aphid population reduction as well as yield enhancement fol-
lowed by Moringa. The benefit cost ratio (BCR) was considered as main contributors for farm-
ers benefits in terms of economics. Seed treatment with insecticides was better and useful
indicating Hicap as the most effective restrictor with enhancement/increment of 8.84 times
economics followed by Hombre (8.68) and Husk (7.26) at the dose of 2 g/acre. Tumma was
found the most economical with CBR 7.74 followed by Moringa (6.5) in plant extract
applications.
It was observed that aphid proliferation is directly proportional to the host plants and their
prevailing climatic conditions [46]. An early season incidence of winged aphids appeared dur-
ing January, however, was unable to reproduce. Seed dressing with insecticides induced con-
tinuing residual influence that reduced aphid settlement and colonization on early succulent
cropping interval [47–49]. The residual influence remained effective up to 1st week of Febru-
ary. Colonization remained low in seed-treated plots. Neonicotinoids had whole wheat plant
protection by checking the aphids’ population due to systemic properties. These insecticides
have no risk to wheat plant as well as bio-control agents such as ladybird beetles, syrphid flies
and spiders [50–53]. On the other hand, application of botanicals [54–57] exhibited potential
to control aphids. The botanicals possess certain primary as well as secondary compounds that
produce adverse action on the life processes of harmful insects [58–60].
Conclusion
The current findings exhibit that the population of three aphid species varied significantly
among tested wheat genotypes due to varying level of susceptibility. The R. padi was the most
dominant aphid species followed by S. graminum and S. avenae during both cropping seasons.
Concerning the aphid population at different Aphid infestation gradually increased from seed-
ling to heading stage and then declined from heading to ripening stage. This implies that
aphid species prefer to feed on soft tissues, whereas hard seed at ripening stage deter aphid
population. Considerable yield losses were observed due to aphid infestation as aphids suck
cell sap, ultimately resulting in lower photosynthesis causing significant yield reduction. Seed
dressing with insecticides proved a good alternative to foliar sprays. Plant extracts also proved
effective in protecting wheat crop from aphid infestation. It is recommended that the least sus-
ceptible genotype should be sown either with seed dressing or application of plant extracts to
get higher economic returns.
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